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(54) Multilayered ceramic RF device 



(57) A multilayered ceramic RF device having at 
least one radio frequency filter, includes: a lowtemper- 
ature-cofired multilayered ceramic body having a plural- 
ity of ceramic layers laminated one upon another and 
fired together, said low temperature-cofired multilayered 
ceramic body also having a first electrode pattern 
formed therein and a second electrode pattern formed 
thereon, the first and second electrode patterns being 
electrically connected to one another through a via hole; 
and a bare semiconductor chip mounted on said low 
temperature-cofired multilayered ceramic body with a 
face down bonding, said bare semiconductor chip being 
coated with a sealing resin. The at least one radio fre- 
quency filter is a multilayered filter formed in said low 
temperature-cofired multilayered ceramic body, and the 
multilayered filter includes a part of the first and second 
electrode patterns. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 



[0001] The present invention relates generally to a 
multilayered ceramic RF (radio frequency) device, and 
in particular but not exclusively, to a multilayered 
ceramic RF device used in high-frequency radio equip- w 
ment such as a cellular telephone. 

Description of the Related Art 

[0002] Recently multilayered ceramic RF devices is 
are attracting much attention for their capability to con- 
tribute greatly to the size reduction of high-frequency 
radio equipment such as a cellular telephone. 
[0003] Fig. 1 5 is a block diagram showing an exam- 
ple of an RF circuit used in a cellular telephone. A 20 
duplexer 22 is formed of a transmitting filter and a 
receiving filter. In such an RF circuit as show in Fig. 15, 
a transmitting signal amplified by a power amplifier 21 
passes through a low-pass filter 20 and the transmitting 
filter in the duplexer 22 and is transmitted from an 25 
antenna 24. A band-pass filter may be used instead of 
the low-pass filter 20. A signal received by the antenna 
24 is input to a low-noise amplifier 28 via the receiving 
fitter in the duplexer 22 and a band-pass filter 26. The 
signal is amplified by the low-noise amplifier 28, after 30 
that, the signal is subjected to a frequency conversion 
and a signal processing. While the low-pass filter 20 
and the duplexer 22 can be constituted from multilay- 
ered filters or the like, the band-pass filter 26 is normally 
constituted from a SAW filter. The power amplifier 21 as 
and the low-noise amplifier 28 are made by using semi- 
conductor elements with excellent radio frequency char- 
acteristics. 

[0004] Now an example of the multilayered ceramic 
RF device of the prior art will be described below with 40 
reference to Fig. 16 and Fig. 17. 

[0005] Fig. 16 is a sectional view of a multilayered 
ceramic RF device 1 00 of the prior art which constitutes 
a part of the RF circuit shown in Fig. 15. In the multilay- 
ered ceramic RF device 1 00 of the prior art, electrode 45 
patterns 1 02 which constitute the RF circuit are formed 
in a low temperature-cofired multilayered ceramic body 
101. The electrode patterns 102 are electrically con- 
nected to each other by means of via holes 103. Chip 
components 1 05 such as chip resistors, chip capacitors, so 
chip inductors and packaged semiconductor elements 
are formed on the surface of the low temperature- 
cofired multilayered ceramic body 1 01 , and are shielded 
by a metal cap 1 07. 

[0006] The operation of the multilayered ceramic 55 
RF device 1 00 of the prior art constituted as described 
above will be described below. 

[0007] The electrode patterns 102 form inner layer 



capacitors and inneniyer inductors in the low tempera- 
ture-cofired multilayered ceramic body 101 as well as 
providing electrical connection between the plurality of 
chip components 105. These components collectively 
form the RF circuit and serve as a multilayered ceramic 
RF device such as, for example, a multilayer RF switch. 
[0008] Fig. 17 schematically shows an example of 
the constitution of an RF device 120 of the prior art used 
in a cellular telephone that has the RF circuit as shown 
in Fig. 15. As shown in Fig. 17, the RF device 120 of the 
prior art has been constituted from separate compo- 
nents such as an multilayered filter 110, a SAW filter 
1 12 covered with a ceramic package 111, and the muti- 
layered ceramic RF device 100 formed of a multilayered 
ceramic body having an RF switching circuit 114, which 
are independent from each other. Thus the RF device 
120 of the prior art shown in Fig. 17 has been made by 
mounting the multilayered filter 110, the SAW filter 112 
covered with a ceramic package 111, and the multilay- 
ered ceramic RF device 100 that are independent from 
each other on a printed circuit board and connecting the 
components by soldering or using micro strip lines.- - 
[0009] In the constitution of the RF device 120 of 
the prior art, however, there has been such a problem 
that the use of soldering lands or running the micro strip 
lines on the printed circuit board causes unmatched 
impedance and/or an increase in impedance loss. Also 
because connection of the components is earned out in 
the final packaging stage of the production process, 
even when the components have been certified for sat- 
isfactory radio frequency characteristics before connec- 
tion, there occur variations in the high-frequency 
characteristics of the components due to unmatched 
impedance in junctions or the like after the components 
have been connected in the final packaging stage. As a 
result, it has been difficult to produce the RF device 120 
of the prior art with excellent radio frequency character- 
istics and excellent reproducibility. 
[0010] Also in the multilayered ceramic RF device 
100 of the prior art shown in Fig. 16, since a bare semi- 
conductor chip and a SAW filter need to be sealed, 
these components cannot be used in the device 100. 
This is because the metal cap 1 07 of the prior art is 
used for the purpose of merely providing an electromag- 
netic shielding and does not have the sealing function. 
Therefore, it is necessary to use the semiconductor ele- 
ment and the SAW filter that are individually sealed, 
which makes it difficult to reduce the device size and 
leads to complicated manufacturing process. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been developed 
to overcome the above-described disadvantages. 
[0012] It is accordingly an objective of the present 
invention to provide a multilayered ceramic RF device 
that has excellent radio frequency characteristics and 
high reliability. 
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[0013] Another objecf^j^ present invention is to 
provide a multilayered ceramic RF device that has high 
performance, and is small in size and in profile and easy 
to produce. 

[0014] In accomplishing the above and other objec- 
tives, a multilayered ceramic RF device of the present 
invention having at least one radio frequency filter, 
includes: a low temperature-cofired multilayered 
ceramic body having a plurality of ceramic layers lami- 
nated one upon another and fired together, said low 
temperature-cofired multilayered ceramic body also 
having a first electrode pattern formed therein and a 
second electrode pattern formed thereon, the first and 
second electrode patterns being electrically connected 
to one another through a via hole; and a bare semicon- 
ductor chip mounted on said low temperature-cofired 
multilayered ceramic body with a face down bonding, 
said bare semiconductor chip being coated with a seal- 
ing resin, wherein the at least one radio frequency filter 
is a multilayered filter formed in said low temperature- 
cofired multilayered ceramic body, and the multilayered 
filter includes a part of the-frrst and second electrode 
patterns. 

[0015] In the murtilayered ceramic RF device of the 
present invention, the electrode patterns formed on the 
surface and inside of the low temperature-cofired multi- 
layered ceramic body are electrically connected with 
each other by means of via holes (holes that penetrate 
the ceramic layer and are filled with, for example, Ag or 
Cu) and the radio frequency filter is a multilayered filter 
formed inside of the multilayered ceramic body while 
including a part of the electrode patterns. Thus the con- 
nection between the multilayered filters, between the 
multilayered filter and another radio frequency fitter or 
between the multilayered filter and a bare semiconduc- 
tor chip can be made with very short wiring distances by 
using the via holes or the like that are formed inside the 
multilayered ceramic body. As a resuft, unmatched 
impedance and impedance loss can be decreased, rip- 
ple in the pass band of the radio frequency filter can be 
prevented and proper performance of the filter can be 
realized, compared to the RF device of the prior art hav- 
ing components such as the radio frequency filter and 
the multilayered filter individually mounted on the 
printed circuit board. Therefore, the multilayered 
ceramic RF device that has excellent high-frequency 
characteristics and high reliability can be provided. Also 
the device can be made small in size and in profile with 
reduced number of components, and can be produced 
in a simplified process. 

[0016] The multilayered filter may be formed as a 
distributed constant multilayered filter that has a strip 
line resonator, and the strip line resonator can be 
formed to include a strip line resonator electrode that is 
formed as the part of the electrode patterns. 
[0017] The multilayered filter may be formed as a 
lumped constant multilayered filter including a capacitor 
electrode and an inductor electrode, and the capacitor 
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electrode and thei^^tor electrode can be formed as 
the part of the electrode patterns. 
[0018] In the case where the multilayered ceramic 
RF device includes two or more radio frequency filters, 
s at least one of the two or more radio frequency filters 
may be a SAW filter. 

[0019] The multilayered ceramic RF device can be 
sealed easily, provided that the multilayered ceramic 
body has a cavity formed therein substantially at a 

w center thereof, and the bare semiconductor chip is 
mounted at a bottom of the cavity in which the sealing 
resin is filled so as to cover the bare semiconductor 
chip. Also because the sealing resin can be prevented 
from spreading to the side face of the multilayered 

15 ceramic body, such a defect in production as the sealing 
resin covers the side electrode can be prevented from 
occurring when the side electrodes are provided on the 
multilayered ceramic body. 

[0020] Such a constitution may also be employed 

20 as a plurality of ceramic layers includes a first ceramic 
layer that has a first relative dielectric constant and a 
second ceramic layer that has a second relative dielec- 
tric constant that is different from the first relative dielec- 
tric constant. This constitution makes it possible to 

25 provide an element (an element formed to have the part 
of the electrode patterns in the multilayered ceramic 
body) that is suited to include the first ceramic layer 
which has the first relative dielectric constant formed on 
the first ceramic layer, and provide an element that is 

30 suited to include the second ceramic layer which has 
the second relative dielectric constant formed on the 
second ceramic layer. Thus the multilayered ceramic RF 
device that has high reliability can be provided. 
[0021] Preferably, the plurality of ceramic layers 

35 include a top layer, a bottom layer, and an intermediate 
layer sandwiched between the top layer and the bottom 
layer, and the intermediate layer is formed of the first 
ceramic layer with a first relative dielectric constant, and 
both of the top layer and the bottom layer are formed of 

40 the second ceramic layer with a second relative dielec- 
tric constant. This makes it possible to reduce the warp 
of the ceramic layers during firing. Moreover, since the 
elements formed to have the part of the electrode pat- 
terns in the multilayered ceramic body can be formed in 

45 the ceramic layer that has a relative dielectric constant 
most suitable for the element, the multilayered ceramic 
RF device having further higher reliability can be pro- 
vided. The first relative dielectric constant is preferably 
greaterthan or equal to 10, and the second relative die- 

so lectric constant is preferably smaller than 1 0. 

[0022] In the case where the bare semiconductor 
chip is connected to the multilayered filter, the bare 
semiconductor chip is preferably placed over the multi- 
layered filter. That is, when the area of the electrode pat- 

55 terns included in the multilayered filter is substantially 
equal to the sectional area of the bare semiconductor 
chip (area of the section perpendicular to the laminating 
direction of the ceramic layers included in the murtilay- 
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ered filter) and the bare semfWuctor chip is disposed 
to overlap the multilayered filter, the bare semiconductor 
chip and the multilayered filter can be connected with 
the shortest wiring length. As a result, the size of the 
multilayered ceramic RF device can be further smaller. 5 
[0023] According to the present invention, the multi- 
layered ceramic RF device having at least one radio fre- 
quency filter, includes: a low temperature-cofired 
multilayered ceramic body having a plurality of ceramic 
layers laminated one upon another and fired together, io 
also having a cavity therein, and a first electrode pattern 
formed therein and a second electrode pattern formed 
thereon, the first and second electrode patterns being 
electrically connected to one another through a via hole; 
at least one of a bare semiconductor chip and a SAW fil- is 
ter mounted at a bottom of the cavity; and a sealing 
metal cover sealing the cavity hermetically, the at least 
one radio frequency filter is a multilayered filter formed 
in said low temperature-cofired multilayered ceramic 
body, and the multilayered filter includes a part of the 20 
first and second electrode patterns. Since the low tem- 
peratureWired multilayered ceramic body has the cav- 
ity on the top surface thereof with at least one of the 
bare semiconductor chip and the SAW filter mounted at 
•' the bottom of the cavity and the cavity is hermetically 25 
sealed with a sealing metal cover, the at least one of the 
bare semiconductor chip and the SAW filter can be 
incorporated in the low temperature-cofired multilayered 
ceramic body. As a result, more compact multilayered 
ceramic RF device can be made and hermetic sealing 30 
can be easily achieved. 

[0024] The multilayered filter may be formed as a 
distributed constant multilayered filter that has a strip 
line resonator, and the strip line resonator can be 
formed to include a strip line resonator electrode that is 35 
formed as the part of the electrode patterns. In case the 
strip line resonator electrode is formed in the multilay- 
ered ceramic body in a region other than where the cav- 
ity is formed on the top surface, sufficient thickness of 
the strip line resonator electrode can be secured with- 40 
out increasing the device height. 
[0025] When the strip line resonator electrode is 
formed in the multilayered ceramic body, it is preferable 
to form the plurality of ceramic layers included in the 
multilayered ceramic body from the intermediate layer 45 
having a low dielectric constant (first relative dielectric 
constant) and the top layer and the bottom layer that 
have a high dielectric constant (second relative dielec- 
tric constant), and provide the strip line resonator elec- 
trode on the bottom layer having the high dielectric so 
constant. This makes it possible to form the strip line 
resonator electrode of smaller size. 
[0026] The multilayered ceramic RF device may 
also have a radio frequency switching circuit that 
includes a capacitor electrode and an inductor elec- 55 
trade, the electrode patterns formed in the low tempera- 
ture-cofired multilayered ceramic body may include at 
ieast one of the capacitor electrode and the inductor 
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has additionally the radio frequency switching circuit 
such as the above, the multilayered ceramic RF device 
having more versatile functions can be provided. 
[0027] If the multilayered ceramic RF device is used 
for both of a W-CDMA (wideband code division multiple 
access) and a GSM (global system for mobile commu- 
nication) it is preferable that the multilayered fitter is the 
transmitting filter of the WCDMA , the SAW filter is a 
receiving filter for the W-CDMA, and the RF switching 
circuit is a switching duplexerforthe GSM. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The above and other objectives and features 
of the present invention will become more apparent 
from the following description of a preferred embodi- 
ment thereof with reference to accompanying drawings, 
throughout which like parts are designated by like refer- 
ence numerals, and wherein: 

Fig. 1 is a perspective view of a multilayered 
ceramic RF device of the present invention. 
Fig. 2 is an exploded perspective view of a lumped 
constant multilayered filter. 

Fig. 3 is an equivalent circuit of the multilayered fil- 
ter shown in Fig. 2. 

Fig. 4 is an exploded perspective view of a distrib- 
uted constant multilayered filter. 
Fig. 5 is a flow chart showing a method of .produc- 
ing the multilayered ceramic RF device. 
Fig. 6 is a block diagram of a multilayer RF device 
including a switching circuit. 
Fig. 7 shows an example of RF switching circuit. 
Fig. 8 is a sectional view of a multilayered ceramic 
RF device according to the first embodiment of the 
present invention. 

Fig. 9 is a sectional view of a multilayered ceramic 
RF device according to the second embodiment of 
the present invention. 

Fig. 10 is a sectional view of a multilayered ceramic 
RF device according to the third embodiment of the 
present invention. 

Fig. 1 1 is a sectional view of a multilayered ceramic 
RF device according to the fourth embodiment of 
the present invention. 

Fig. 12 is a sectional view of a multilayered ceramic 
RF device according to the fifth embodiment of the 
present invention. 

Fig. 13 is a sectional view of a multilayered ceramic 
RF device according to the sixth embodiment of the 
present invention. 

Fig. 14 is a sectional view of a multilayered ceramic 
RF device according to the seventh embodiment of 
the present invention. 
Fig. 15 is a block diagram of a RF circuit. 
Fig. 1 6 is a sectional view of a multilayered ceramic 
RF device of the prior art. 
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Fig. 1 7 is a block diagilj^h erratically showing an 
example of the constitution of a RF device of the 
prior art. 



DETAILED DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS 

[0029] This application is based on application Nos. 
1 1-299685 and 2000-302071 filed in Japan, the content 
of which is incorporated herein by reference. 10 
[0030] Now an embodiment of the multilayered 
ceramic RF device of the present invention will be 
described below with reference to Fig. 1 through Fig. 5. 
[0031] Fig. 1 is a perspective view of a multilayered 
ceramic RF device 30 of the present invention. Fig. 1 is 
also shows a partial cross section of the multilayered 
ceramic RF device 30. The multilayered ceramic RF 
device 30 shown in Fig. 1 includes a low temperature- 
cofired multilayered ceramic body 40, while first through 
third radio frequency filters 32, 34 and 36 are formed in 20 
the low temperature-cofired multilayered ceramic body 
40. The iow -temperature-cofired multilayered ceramic 
body 40 also includes a fourth radio frequency filter 
(SAW filter) 38 mounted on the top surface thereof. The 
low temperature-cofired multilayered ceramic body 40 25 
further includes a bare semiconductor chip 42 mounted 
with a face down bonding (an electrode surface of the 
bare semiconductor chip 42 opposes to the low temper- 
ature-cofired multilayered ceramic body 40) and cov- 
ered with a sealing resin on the upper surface thereof. 30 
[0032] The low temperature-cofired multilayered. 
ceramic body 40 is made by laminating a plurality of 
ceramic layers, a predetermined number of the plurality 
of ceramic layers having respective electrode patterns 
each formed on at least one surface thereof, and firing 35 
the layers together, as will be described later with refer- 
ence to Fig. 5. This results in the electrode patterns 39 
being formed on the surface and inside of the low tem- 
perature-cofired multilayered ceramic body 40. While 
the electrode pattern 39 is not shown on the surface of to 
the low temperature-cofired multilayered ceramic body 
40 in Fig. 1, the electrode pattern 39 is formed on the 
surface of the low temperature-cofired multilayered 
ceramic body 40 below the SAW filter 38. The SAW filter 
38 and the multilayered filter 32 are electrically con- 45 
nected with each other as described later with reference 
to Fig. 2 through Fig. 4. 

[0033] Electrical connection between the electrode 
patterns 39 formed in the low temperature-cofired multi- 
layered ceramic body 40 and the connection between so 
the electrode pattern 39 formed in the multilayered 
ceramic body 40 and the electrode pattern 39 formed 
on the surface of the multilayered ceramic body 40 are 
made through vte holes 37. The via hole 37 is a hole 
which penetrates the ceramic layers included in the low 55 
temperature-cofired multilayered ceramic body 40 and 
is filled with, for example, Ag or Cu. Among the radio fre- 
quency filters included in the multilayered ceramic RF 



device 30, the first^^Kgh third radio frequency filters 
32, 34 and 36 are multilayered filters formed inside of 
the low temperature-cofired multilayered ceramic body 
40 while each of the filters includes a part of the elec- 
trode patterns 39. 

[0034] The bare semiconductor chip 42 that is 
mounted with a face down bonding on the surface of the 
low temperature-cofired multilayered ceramic body 40 is 
electrically connected to the radio frequency filter 38 via 
a micro strip line 44 formed on the surface of the multi- 
layered ceramic body 40. 

[0035] When the multilayered ceramic RF device 30 
shown in Fig. 1 is used in a cellular telephone, the mul- 
tilayered filter 32, the SAW filter 38 and the bare semi- 
conductor chip 42 may constitute a receiving circuit 
included in the RF circuit, while the multilayered filters 
34 and 36 may constitute a transmitting circuit included 
in the RF circuit. 

[0036] In the multilayered ceramic RF device 30 
shown in Fig. 1, as described above, the electrode pat- 
tern 39 formed on the surface of the low temperature- 
cofired multilayered ceramic body 40 and the electrode 
pattern 39 formed inside thereof are electrically con- 
nected with each other through the via hole 37, while 
the first through third radio frequency filters 32, 34 and 
36 are multilayered filters formed inside of the low tem- 
perature-cofired multilayered ceramic body 40 and the 
first through third radio frequency filters 32, 34 and 36 
include a part of the electrode patterns 39. Accordingly, 
connection between the multilayered filters (34 and 36), 
or between the multilayered filter 32 and the other radio 
frequency filter 38 (SAW filter) can be achieved with 
very short wiring distances by using a strip line 35, the 
via holes 37 or the like formed inside of the multilayered 
ceramic body 40. 

[0037] As a result, unmatched impedance and 
impedance loss can be decreased, ripple in the pass 
band of the radio frequency filter can be prevented and 
the proper performance of the filter can be realized, 
compared to the RF device of the prior art that has com- 
ponents such as the radio frequency filter and the multi- 
layered filter individually mounted on the printed circuit 
board. Therefore, the multilayered ceramic RF device 
that has excellent high-frequency characteristics and 
high reliability can be provided. 

[0038] The bare semiconductor chip 42 that is, for 
example, a transistor for a low-noise amplifier is 
mounted with a face down bonding on the top surface of 
low temperature-cofired multilayered ceramic body 40 
and is electrically connected to the radio frequency filter 
38 by means of the micro strip line 44 formed on the sur- 
face of the multilayered ceramic body 40. With this con- 
stitution, unmatched impedance and impedance loss in 
the wiring junction can be made smaller and ripple in 
the pass band of the radio frequency fitter 38 can be mit- 
igated. 

[0039] A circuit that includes the bare semiconduc- 
tor chip such as a low-noise amplifier circuit requires 
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components having various Tfflctions such as capacitor 
and inductor. Since such components having various 
functions can be formed integrally formed inside and on 
the surface of the multilayered ceramic body 40, the 
multilayered ceramic RF device having excellent repro- 5 
ducibility and excellent high-frequency characteristics 
can be provided. Further, devices such as a cellular tel- 
ephone can be made smaller in size and in profile. Also 
the number of components can be reduced and the 
manufacturing process can be simplified. As will be , 0 
described in detail later with reference to Fig. 12, the 
multilayered ceramic RF device 30 may also be made in 
such a configuration as a cavity and a metal cap for her- 
metically sealing the cavity are provided on the top sur- 
face of the multilayered ceramic body 40, with the bare 1S 
semiconductor chip 42 or the SAW filter 38 being 
mounted at a bottom of the cavity. Since this configura- 
tion makes it possible to form the bare semiconductor 
chip 42 or the SAW filter 38 inside the multilayered 
ceramic body 40, further smaller multilayered ceramic 20 
RF device can be produced. 

[0040] A case where the multilayered ceramic RF 
device 30 has four radio frequency filters has been 
described above. The multilayered ceramic RF device 
of the present invention, however, is not limited to this 25 
constitution and achieves effects similar to those 
described above as long as at least one radio frequency 
fitter is provided and the radio frequency fitter is a multi- 
layered filter that is formed inside of the multilayered 
ceramic body. Also the bare semiconductor chip 42 and 30 
the SAW filter 38 may be provided as required. 
[0041 ] To connect the bare semiconductor chip with 
the multilayered filter, the bare semiconductor chip may 
be mounted on the surface of the multilayered filter. At 
this time, in case the area of the electrode patterns 35 
included in the multilayered filter is substantially equal to 
the sectional area of the bare semiconductor chip (area 
of the section perpendicular to the laminating direction 
of the ceramic layers included in the multilayered filter) 
and the bare semiconductor chip is disposed so as to 40 
overlap the multilayered filter, the bare semiconductor 
chip and the multilayered filter can be connected with 
the shortest wiring length, thus making it possible to fur- 
ther reduce the size of the multilayered ceramic RF 
device. « 
[0042] Now the multilayered filter 32 included in the 
multilayered ceramic body 40 of the multilayered 
ceramic RF device 30 shown in Fig. 1 will be described 
in detail below. While the description relates to the mul- 
tilayered filter 32 included in the multilayered ceramic so 
body 40, the same applies also to the multilayered filters 
34 and 36. 

[0043] The multilayered filter 32 may be either a 
lumped constant multilayered filter or a distributed con- 
stant multilayered filter. First, a case where the multilay- 55 
ered filter 32 is a lumped constant multilayered filter 32A 
will be described below with reference to Fig. 2. Fig. 2 is 
an exploded perspective view of the lumped constant 



multilayered filter 32k^^ 

[0044] In case the lumped constant multilayered fil- 
ter 32A is used for the multilayered filter 32, the lumped 
constant multilayered filter 32A is constituted to include 
the capacitors and the inductors formed inside of the 
multilayered ceramic body 40, while the capacitor elec- 
trodes and the inductor electrodes are formed as a part 
of the electrode pattern 39 formed on the surface and 
inside of the multilayered ceramic body 40. The elec- 
trode patterns 39 included in the lumped constant multi- 
layered filter 32A are capacitor electrodes 60 through 62 
and 65 through 68, inductor electrodes 63, 64 and con- 
necting land pattern 76 shown in Fig. 2. The capacitor 
electrode 60 serves also as an internal grounding elec- 
trode, as will be described later. These electrode pat- 
terns are electrically connected by means of the via 
holes 37. The lumped constant multilayered filter 32A 
will be described in more detail below. 
[0045] As shown in Fig. 2, the lumped constant mul- 
tilayered filter 32A has a plurality of dielectric layers 
(ceramic layers) 51 through 56, with the dielectric layers 

51, 52, 53, 54, 55 and 56 are laminated in this order. In 
the multilayered ceramic body 40, required area to be 
occupied by the lumped constant multilayered filter 32A 
is, for example, 3.0 mm x 3.0 mm and thickness 
required of the lumped constant multilayered filter 32A 
is, for example, 0.8 mm. The SAW filter 38 is connected 
to the lumped constant multilayered filter 32A such as 
described above. 

[0046] A dielectric layer 51 has the internal ground- 
ing electrode 60 formed therein, while the capacitor 
electrodes 61 and 62 are formed on the dielectric layer 

52. The dielectric layer 53 has inductor electrodes (strip 
lines) 63 and 64 formed thereon. A dielectric layer 54 
has the capacitor electrodes 65 and 66 formed thereon, 
while the capacitor electrodes 67 and 6B are formed on 
the dielectric layer 55. 

[0047] The via holes 37 that penetrate the dielectric 
layer 56 are provided in the dielectric layer 56 over the 
capacitor electrodes 67 and 68 of the dielectric layer 55, 
while connecting land patterns 76 are formed around 
the via holes 37 in the surface of the dielectric layer 56. 
The SAW filter 3B that has connection bumps 78 are 
mounted on the surface of the dielectric layer 56 so that 
the connection bumps 78 couple with the connecting 
land patterns 76. The capacitor electrodes 67 and 68 of 
the dielectric layer 55 are connected with the SAW filter 
38 through the via holes 37 or the like so that the SAW 
filter 38 is electrically connected to the multilayered filter 
32A. 

[0048] The capacitor electrode 65 provided on the 
dielectric layer 54 is connected to one end 63a of the 
inductor electrode 63 provided on the dielectric layer 53 
and to the capacitor electrode 61 provided on the die- 
lectric layer 52 through the via hole 37. Similarly, the 
capacitor electrode 66 provided on the dielectric layer 
54 is connected to one end 64a of the inductor electrode 
64 provided on the dielectric layer 53 and to the capaci- 
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tor electrode 62 provided 
through the via hole 37. 

[0049] The other end 63b of the inductor electrode 

63 is connected to the internal grounding electrode 60 
provided on the dielectric layer 51 through the yia hole s 
37. Similarly, the other end 64b of the inductor electrode 

64 is connected to the internal grounding electrode 60 
provided on the dielectric layer 51 through the via hole 
37. 

[0050] The operation of the multilayered fitter 32A to 
as described above will be described below with refer- 
ence to Fig. 3. 

[0051] Fig. 3 shows an equivalent circuit of the mul- 
tilayered filter 32A shown in Fig. 2. A capacitor C1 in 
Fig. 3 corresponds to the capacitor formed from the is 
capacitor electrode 67 and the capacitor electrode 65 
shown in Fig. 2, and a capacitor C2 corresponds to the 
capacitor formed from the capacitor electrode 68 and 
the capacitor electrode 66. A capacitor C3 in Fig. 3 cor- 
responds to the capacitor including the capacitor elec- 20 
trade 61 and the internal grounding electrode 60, and a 
- -capacitorC4'corresponds to the capacitor including the 
capacitor electrode 62 and the internal grounding elec- 
trode 60. Inductors L1 and L2 are formed from the 
inductor electrodes 63 and 64, respectively. One end 25 
(capacitor electrode 67) of the capacitor C1 is con- 
nected to an input electrode, and one end (capacitor 
electrode 68) of the capacitor C2 is connected to an out- 
put electrode. 

[0052] Connected between the other end (capacitor 30 
electrode 65) of the capacitor C1 and the grounding 
electrode 60 are the inductor L1 and the capacitor C3 
that are parallel to each other. Also connected between 
the other end (capacitor electrode 66) of the capacitor 
C2 and the grounding electrode 60 are the inductor L2 35 
and the capacitor C4 that are parallel to each other. The 
Inductor L1 and the inductor L2 are provided in the 
vicinity to each other so as to establish electrode cou- 
pling. This configuration forms a 2-stage band-pass fil- 
ter. Specifically, the inductor electrodes 63, 64 formed *o 
on the dielectric layer 53 are disposed symmetrically 
with respect to the center line on the surface of the die- 
lectric layer 53 with the same length and width, with the 
distance between the inductor electrodes 63 and 64 
being set so as to make the mutual inductance M1 45 
between the inductors L1 and L2 equal to a predeter- 
mined value. Such a configuration makes it possible to 
eliminate capac'rtive elements between resonators that 
have been required in the prior art, so that the multilay- 
ered filter can be made lower in profile. so 
[0053] Now a case of using a distributed constant 
multilayered filter 32B forthe multilayered filter 32 will be 
described below with reference to Fig. 4. Fig. 4 is an 
exploded perspective view of the distributed constant 
multilayered filter 32B. When the distributed constant 55 
multilayered filter 32B having a strip line resonator is 
used forthe multilayered filter 32, the strip line resonator 
includes strip line resonator electrodes 81a and 81b 



that includes a pari^pPb electrode patterns 39 formed 
on the surface and inside of the multilayered ceramic 
body 40. Also a second electrode 82a, a third electrode 
82b, fourth electrodes 82c, 82d, shield electrodes 83a, 
83b and connecting land pattern 86 that are included in 
the distributed constant multilayered filter 32B also 
includes a part of the electrode patterns 39 formed on 
the surface and inside of the multilayered ceramic body 
40. These electrode patterns are electrically connected 
by means of the via holes 37. The distributed constant 
multilayered filter 32B will be described below in more 
detail. 

[0054] Described below is a case where thick die- 
lectric layers (ceramic layers) 80a and 80b and thin die- 
lectric sheets (ceramic layers) BOc, 80d, 80e, 80f and 
BOg are used forthe distributed constant multilayered fil- 
ter 32B. The strip line resonator electrodes 81a and 81b 
are formed on the dielectric sheet 80c. Formed on the 
dielectric sheet 80d are the second electrode 82a, the 
third electrode 82b and the fourth electrodes 82c and 
B2d of a parallel plane capacitor. The SAW filter 38 is 
connected to the multilayered filter 32B. 
[0055] The strip line resonator is made small in size 
by decreasing the width of the strip line midway on the 
side of a short-circuiting end and forming stepwise 
impedance. Also formed on the dielectric sheet 80e is 
the shield electrode 83a and formed on the dielectric 
sheet 80f is the shield electrode 83b. 
[0056] The via holes 37 are formed to penetrate the 
dielectric layer 80b and the dielectric sheets 80f and 
BOg over the fourth electrodes 82c and 82d of the die- 
lectric sheet BOd. The connecting land patterns 86 are 
formed around the via holes 37 on the dielectric sheet 
80g. The SAW filter 38 that has the connection bumps 
88 is mounted on the surface of the dielectric sheet 80g 
so that the connection bumps 88 couple with the con- 
necting land patterns B6. 

[0057] The dielectric sheet 80g that protects the 
electrode, the dielectric layers 80a and 80b and the die- 
lectric sheets 80c, BOd, BOe and 80f are all stacked one 
on another thereby to form the overall multilayered 
structure. 

[0058] Now the operation of the multilayered filter 
32B having the above constitution will be described 

[0059] The strip line resonator electrodes 81 a, 81b 
and the second, third and fourth electrodes B2a, 82b, 
82c and 82d that are disposed to oppose the strip line 
resonator electrodes form parallel plane capacitors in 
between. The second electrode 82a of the parallel 
plane capacitor serves as an inter-stage coupling 
capacitor, the third electrode 82b serves as a parallel 
capacitor that decreases the resonance frequency of 
the strip line resonator, and the fourth electrodes 82c 
and 82d serve as input-output coupling capacitor. The 
fourth electrodes 82c and 82d are connected to the 
SAW filter 38 through the via holes 37, as described 
above, and are used as input terminal and output termi- 
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nal, respectively. The shield^Ktrode 83b is connected 

to the side electrode B5c, the shield electrode 83a is 
connected to the side electrodes 85a, 85b and are used 
as grounding terminals. 

[0060] In the multilayered filter 32B, the strip line s 
resonator electrodes 81a and 81 b also serve as the first 
electrode of the parallel plane capacitor. Since all the 
strip line resonator electrodes are printed on the dielec- 
tric sheet 80c and all the capacitor electrodes are 
printed on the dielectric sheet 80d, it suffices to prihtthe to 
electrodes only on two dielectric sheets 80c, 80d and 
two shield electrodes 83a, 83b. As a result, the number 
of printing steps can be reduced and the variations in 
the filter characteristics can be suppressed. 
[0061] Now an example of the method of producing is 
the multilayered ceramic RF device 30 will be described 
below with reference to Fig. 5. Fig. 5 is a flow chart of 
the method of producing the multilayered ceramic RF 
device 30. 

[0062] First, dielectric sheets (ceramic layers) are 20 
made by using AMSG (Al-Mg-Si-Gd-O ceramic material 
having a low dielectric constant of 7.5) (step 1 00 in Fig. 
5). Then via holes are made in the dielectric sheets by 
punching, and the via holes are filled with a Cu paste 
(step 102). The via holes may also be made by laser 25 
machining. The via holes maybe filled with an Ag paste. 
[0063] Then, the electrode patterns are formed on 
the dielectric sheets by screen printing process (step 
104). The dielectric sheets thus obtained are laminated 
and pressed (step 1 06). The laminated dielectric sheets 30 
are cut to a proper size (step 108) and fired at about 
950°C (step 110). This firing temperature is iowerthan 
the cofiring temperature (1500 °C to 1600 °C ) for ordi- 
nary ceramic substrates. This is because materials hav- 
ing low melting points such as Au, Ag and Cu are used 35 
for the conductor to form the electrode patterns. By 
using such materials as Au, Ag and Cu forthe electrode, 
resistance of the electrode can be made lower and the 
high-frequency characteristics can be made better. 
[0064] Terminal electrodes are formed on the lami- <o 
nated dielectric sheets (multilayered ceramic body) thus 
obtained (step 112), and a semiconductor chip or the 
like is mounted (step 114). Finally, the laminated dielec- 
tric sheets are sealed thereby to complete the multilay- 
ered ceramic RF device. 45 
[0065] While the above description is a case where 
the dielectric sheet made of AMSG is used, a dielectric 
sheet (relative dielectric constant of 7) formed from a 
crystal phase made of Mg 2 Si0 4 and a glass phase 
made of Si-Ba-La-B-O may also be used. Further, a die- so 
lectric sheet formed from BCN (Bi-Ca-Nb-O high dielec- 
tric constant ceramic material having relative dielectric 
constant of 58) may also be used. 
[0066] The multilayered ceramic body may also 
include laminated dielectric layers, each of which has 55 
different value of relative dielectric constant. In order to 
form a capacitor of large capacitance in the multilayered 
ceramic body, a thin dielectric sheet having a high die- 



lectric constant ma^^MRed. In order to form an induc- 
tor in the multilayered ceramic body, a dielectric material 
having a low dielectric constant and excellent tempera- 
ture characteristics may be used. When dielectric 
sheets having different values of relative dielectric con- 
stant are laminated and fired to form a multilayered 
ceramic body, however, warp is likely to occur due to the 
difference in the thermal expansion coefficient There- 
fore, when the dielectric sheets of different materials are 
used to form the multilayered ceramic body, for exam- 
ple, it is preferable to form the multilayered ceramic 
body from a first ceramic layer having a first relative die- 
lectric constant sandwiched by two second ceramic lay- 
ers having a second relative dielectric constant (second 
relative dielectric constant < first relative dielectric con- 
stant, or second relative dielectric constant > first rela- 
tive dielectric constant), and dispose the ceramic layers 
in such a configuration as the order of stacking the 
ceramic layers is symmetrical with respect to the lami- 
nating direction (refer to, for example, Fig. 11 to be 
described later). 

[0067] The multilayered ceramic RF device 30 of 
the present invention can include, in addition to the mul- 
tilayered filter 32 as described above, a switching circuit 
as well. The multilayered ceramic RF device that 
includes the switching circuit will be described below 
with reference to Fig. 6. Fig. 6 is a block diagram of the 
mutilayered ceramic RF device 31 that includes the 
switching circuit. 

[0068] The mutilayered ceramic RF device 31 
shown in Fig. 6 has the multilayered filter 32, an RF 
switching circuit 41 and the SAW filter 38 being formed 
in the multilayered ceramic body 40 that is integrated. In 
the prior art, because there was not the idea of forming 
the components in the multilayered ceramic body 40 
that is integrated, the conventional RF devices had to be 
made individually by forming the multilayered filter, the 
RF switch, and the SAW filter as separate devices (refer 
to Fig. 17) and then mounting these components sepa- 
rately on a mother board while making electrical con- 
nection therebetween by using lines. 
[0069] The multilayered ceramic RF device 31 is 
considered to be best applied to, for example, an ultra 
small antenna duplexer for GSM/IMT-2000 (interna- 
tional mobile telecommunication 2000) dual-mode cel- 
lular telephone (for example, W-CDMA). Low loss and 
power durability in 2GHz band of the multilayered filter 
32 are favorable characteristics for the transmission fil- 
ter of the IMT-2000 system. Sharp filtering characteris- 
tics of the SAW filter 38 are favorable for the transmitting 
filter of the IMT-2000 system. The RF switch 39 has 
characteristics that are favorable for the duplexer for 
GSM in which transmitting and receiving are carried out 
by time division operation since the GSM is a TDMA 
(time division multiple access) system. The multilayered 
filter 32 and the SAW filter 38 are combined to constitute 
a duplexer for the IMT-2000 system and, when com- 
bined with a diplexer that can be formed in the multilay- 



8 



15 



EP 1 094 538 A2 



16 



ered ceramic body 40, H^onstitute an ultra small 
dual-mode duplexer. 

[0070] The duplexer can have poor high-frequency 
characteristics unless the filters and the switches are 
connected with proper impedance matching. Thus inte- s 
grating these components to ensure the characteristics 
provides a remarkable merit for the assembly of cellular 
telephones. 

[0071] The multilayered ceramic RF device consti- 
tuted as described above has remarkable effects of io 
achieving multiple functions and high performance 
operation with a single ultra compact multilayered 
ceramic body. 

[0072] An example of the RF switching circuit 41 is 
shown in Fig. 7. The RF switching circuit 41 includes, for is 
example, capacitor electrodes C1 through C18 and C21 
through C26, inductor electrodes Li1 through Li8, Li11 
and Li12, diodes D1 through D4 and distributed con- 
stant lines L15 through L20, as shown in Fig. 7. The 
capacitor electrodes C1 through CI 8, the inductor elec- 20 
Trodes U1 through Li8 and the distributed constant lines 
L1 5 througrTUi 8 are constituted from a part of the elec- 
trode patterns formed inside of the multilayered ceramic 
body 40. The diodes D1 through D4 are mounted on the 
surface of the multilayered ceramic body 40, while the 25 
capacitor electrodes C21 through C26, inductor elec- 
trodes Li1 1 and Li12, and the distributed constant lines 
L19 and L20 are provided outside the multilayered 
ceramic body 40. The RF switching circuit 41 may also 
be formed by using transistors, either instead of the 30 
diodes or in combination with the diodes. The RF 
switching circuit 41 may also be formed in various con- 
stitutions, without being limited to the circuit shown in 
Fig. 7. 

[0073] Now variations of the multilayered ceramic 35 
RF device of the present invention will be described 
below as the first through seventh preferred embodi- 
ments. It should be noted, although not explicitly 
described, that at least one multilayered filter is incorpo- 
rated in the multilayered ceramic body 1 included in the 40 
multilayered ceramic RF device of the first through sev- 
enth preferred embodiments. The multilayered filter 
incorporated in the multilayered ceramic body 1 is 
formed while including a part of the electrode patterns 2 
formed on the surface and inside of the multilayered 45 
ceramic body, as described previously. 

Embodiment 1 

[0074] Fig. 8 is a sectional view of the multilayered 50 
ceramic RF device of the first embodiment. In Fig. 8, ref- 
erence numeral 1 denotes a low temperature-cofired 
multilayered ceramic body, 2 denotes an electrode pat- 
tern, 3 denotes a via hole, 4 denotes a bare semicon- 
ductor chip, 5 denotes a chip component and 6 denotes ss 
a sealing resin. 

[0075] The operation of the multilayered ceramic 
RF device having the constitution as described above 



will be described BQP with reference to Fig. 8. 
[0076] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the low tempera- 
ture-cofired multilayered ceramic body 1 , as well as pro- 
viding electrical connection of a plurality of chip 
components 5 with each other. The chip components 5 
include chip resistors, chip capacitors, chip inductors 
and packaged semiconductors that may be occasionally 
used. The multiple layer electrode patterns formed in 
the low temperature-cofired multilayered ceramic body 
that is laminated and fired together are made of copper 
or silver. The electrode patterns are electrically con- 
nected by arranging via holes at desired positions in the 
ceramic layers. The electrode patterns formed on the 
plurality of ceramic layers are formed by screen printing 
process or the like, and the via holes are formed by 
making holes in the dielectric sheet by a puncher and 
filling the holes with a conductive paste by printing or 
other method. The ceramic body has side electrodes 
formed on the side faces thereof for the connection with 
the outside, although not shown in the drawing. These 
components collectively constitute the RF circuit and 
achieve the functions of the multilayered ceramic RF 
device that includes, for example, the mutilayered RF 
switches. 

[0077] A major difference of this constitution from 
the prior art is that the bare semiconductor chips which 
operate at a frequency not lowerthan the UHF band are 
mounted face down on the top surface of the ceramic 
body, and that the top surface of the ceramic body is 
coated with a sealing resin to cover, the bare chip. The 
bare semiconductor chip includes bipolar transistor, 
FET, diode and IC, and is made from a compound sem- 
iconductor of silicon or the like. The bare semiconductor 
chip is mounted face down by, for example, bump con- 
nection technique such as stud bump bonding (SBB) or 
the like. 

[0078] At frequencies not lower than 300MHz, the 
so-called UHF band, packaged semiconductors gener- 
ally have parasitic impedance due to the lead wire and 
molding resin that are characteristic to the packaging 
construction, thus being unable to fully achieve the 
characteristic performance which the semiconductor 
originally has at the high frequencies. As a result, such 
problems result as a decrease in gain, increase in fre- 
quency deviation and deteriorated noise characteristic. 
There is also such a drawback that impedance match- 
ing requires many external components, thus leading to 
increasing number of components and large size of the 
circuit. 

[0079] In the constitution of this embodiment, on the 
other hand, the semiconductor can be used in the form 
of bare chip and is not subject to the parasitic imped- 
ance which is caused by the lead wire and molding resin 
characteristic to the packaging construction. As to 
mounting of the components, parasitic impedance is 
minimized by the face down mounting by means of the 
bump connection, thus achieving excellent high fre- 
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quency characteristics. Specially, higher gain, reduc- 
tion of frequency deviation and better noise 
characteristic can be achieved. Moreover, since the 
package size can be ignored when mounting the bare 
chips, the area of mounting the components can be s 
decreased resulting in smaller device size. Also external 
components are made mostly unnecessary. 
[0080] In order to protect the bare semiconductor 
chip, the entire top surface of the ceramic body is 
coated with the sealing resin in the constitution of this 10 
embodiment. While the bare semiconductor chip is gen- 
erally protected by a thin insulating film such as silicon 
oxide or silicon nitride on the surface thereof, additional 
coating with the sealing resin improves the reliability fur- 
ther. 15 
[0081] The additional coating of the top surface of 
the ceramic body with the sealing resin makes the top ' 
. surface of the multilayered ceramic RF device flat. Thus 
it is made possible to make an SMD (surface mounted 
device) that can be automatically mounted by a mounter 20 
and can be very easily handled as a high-frequency 
component. 

[0082] According to this embodiment, as described 
above, by making such a constitution as the lowtemper- 
ature-cofired multilayered ceramic body that is lami- 2s 
nated and fired together has electrode patterns formed 
therein from copper or silver, the electrode patterns 
being electrically connected through via holes arranged 
at desired position in the ceramic layers, the bare semi- 
conductor chip which operates at a frequency not lower 30 
than the UHF band are mounted face down on the top 
surface of the ceramic body, and the top surface of the 
ceramic body being coated with a sealing resin to cover 
the bare chip, it is made possible to produce a small 
device having excellent high-frequency characteristics 35 
and improved reliability, and provide the SMD that can 
be handled easily and automatically mounted. 

Embodiment 2 

40 

[0083] The second embodiment of the present 
invention will be described below with reference to Fig. 
9. 

[0084] Fig. 9 is a sectional view of the multilayered 
ceramic RF device of the second embodiment or the « 
present invention. In Fig. 9, reference numeral 10 
denotes a low dielectric constant, low temperature- 
cofired ceramic layer, 1 1 denotes a high dielectric con- 
stant, low temperature-cofired ceramic layer, 2 denotes 
an electrode pattern, 3 denotes a via hole, 4 denotes a so 
bare semiconductor chip, 5 denotes a chip component 
and 6 denotes a sealing resin. This constitution differs 
from that shown in Fig. 8 in that the high dielectric con- 
stant, low temperature-cofired ceramic layer 1 1 , instead 
of the low temperature-cofired multilayered ceramic ss 
body 1 . is sandwiched by the low dielectric constant, 
low temperature-cofired ceramic layers 1 0. 
[0085] The operation of the multilayered ceramic 
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RF device having the^Bhstitution described above will 
be described below with reference to Fig. 9. 
[0086] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the low dielectric 
constant low temperature-cofired ceramic layer 10 and 
in the high dielectric constant iow temperature-cofired 
ceramic layer 1 1 , as well as providing electrical connec- 
tion between, a plurality of chip components 5. The chip 
components 5 include chip resistors, chip capacitors, 
chip inductors and packaged semiconductors that may 
be occasionally used. The bare semiconductor chip 4 
and the like are also mounted on the top surface of the 
ceramic body. The electrode patterns formed in a heter- 
ogeneous lamination of low temperature-cofired 
ceramic body that is laminated and fired together are 
made of copper or silver, and are electrically connected 
by arranging via holes at desired positions in the 
ceramic layers. The ceramic body normally has side 
face terminal electrodes formed on the side faces 
thereof for the connection with the outside, although not 
shown in the drawing These components collectively 
Constitute the RF circuit and achieve the functions of the 
multilayered ceramic RF device that includes, for exam- 
ple, the mutilayered RF switches. 
[0087] A major difference of this constitution from 
that of the first embodiment is such a heterogeneous 
multilayered structure that the high dielectric constant, 
low temperature-cofired ceramic layer 1 1 , instead of the 
low temperature-cofired multilayered ceramic body 1, is 
sandwiched by the low dielectric constant, low tempera- 
ture-cofired ceramic layers 10. 

[0088] The length of s strip line resonator can be, in 
general, decreased in inverse proportion to the square 
root of the relative dielectric constant. Therefore, in case 
strip line electrodes formed in the high dielectric con- 
stant ceramic layer are used for the strip line resonator, 
wavelength in the dielectric layer can be decreased. 
Thus the high dielectric constant ceramic layer is suited 
to form a small strip line resonator. When a ceramic 
layer having small dielectric loss is used, a strip line res- 
onator that has a high quality factor Q can be formed. 
However, strip lines have normally low characteristic 
impedance. For example, a strip line having a minimum 
line .width of 100 urn and shield distance of 2 mm, that 
can be formed by screen printing, has characteristic 
impedance in a range from 20 to 30 ohms, and it is prac- 
tically impossible to form a line of 50 ohms. Also the 
high relative dielectric constant makes it easy to make 
the inner layer capacitor of large capacitance with a 
small area. 

[0089] As to the strip line formed in the low dielec- 
tric constant ceramics, while the wavelength cannot be 
decreased much, high characteristic impedance of 50 
ohms or higher can be easily realized, and an inner 
layer inductor can also be easily formed. Because of the 
low relative dielectric constant, electromagnetic cou- 
pling between strip lines that are located near to each 
other is relatively weak, that is suited for forming elec- 
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trade patterns. 
. [0090] As described above, through a heterogene- 
ous junction of ceramic sheets having two or more dif- 
ferent values of relative dielectric constant and by 
arranging optimum circuit components in the layers, 
small size and high performance can be achieved at the 
same time. Relative dielectric constant of the ceramic 
layer is preferably set, in consideration of the relation- 
ship with the characteristic impedance of the strip lines, 
below 10 for the top layer, 10 or higher and more prefer- 
ably from about 40 to 60 for the intermediate layer, and 
below 1 0 for the bottom layer. 

[0091] The reason for employing the structure of 
sandwiching the high dielectric constant, low tempera- 
ture-cofired ceramic layer 11 by the low dielectric con- 
stant, low temperature-cofired ceramic layers 10 is for 
the purpose of preventing the ceramic body from warp- 
ing during cofiring due to the difference in the thermal 
expansion coefficient, by making the structure vertically 
symmetrical with respectto the central horizontal plane. 
[0092] According to this embodiment, as described 
above, the multilayered ceramic RF-device that can 
achieve small size and high performance at the same 
time is provided, by employing the constitution of heter- 
ogeneous ceramic multilayered structure including 
ceramic layers of different relative dielectric constants, 
and further forming the heterogeneous laminated struc- 
ture from three or more ceramic layers of different rela- 
tive dielectric constants, with the top layer being the low 
dielectric constant low temperature-cofired ceramic 
layer having relative dielectric constant below 1 0, the 
intermediate layer being the high dielectric constant, 
low temperature-cofired ceramic having relative di^tec- 
. trie constant of 1 0 or higher, and the bottom layer being 
the low dielectric constant low temperature-cofired 
ceramic layer having relative dielectric constant below 
10. 

Embodiment 3 

[0093] Fig. 1 0 is a sectional view of the multilayered 
ceramic RF device of the third embodiment of the 
present invention. In Rg. 10, reference numeral 13 
denotes a cavity type low temperature-cofired multilay- 
ered ceramic body, 2 denotes an electrode pattern, 3 
denotes a via hole, 4 denotes a bare semiconductor 
chip, 5 denotes a chip component and 6 denotes a seal- 
ing resin. This constitution differs from that shown in Fig. 
8 in that the low temperature-cofired multilayered 
ceramic body 1 is replaced with the cavity type low tem- 
perature-cofired multilayered ceramic body 13. 
[0094] The operation of the multilayered ceramic 
RF device having the above constitution will be 
described below with reference to Fig. 10. 
[0095] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the cavity type 
low temperature-cofired multilayered ceramic body 13, 
as well as providing electrical connections between a 



plurality of chip com|Wents 5. The chip components 5 
include chip resistors, chip capacitors, chip inductors 
and packaged semiconductors that may be occasionally 
used. The electrode patterns formed in the cavity type 

5 low temperature-cofired multilayered ceramic body that 
is laminated and fired together are made of copper or 
silver, and the electrode patterns are electrically con- 
nected by arranging via holes at desired positions in the 
ceramic layers. The electrode patterns formed on the 

io plurality of ceramic layers are formed by, for example, 
screen printing while the via holes are formed by mak- 
ing holes in the dielectric sheet by a puncher and filling 
the holes with a conductive paste by printing or the like, 
and the cavities are also formed by making holes in the 

15 dielectric sheet by a puncher and filling the holes with a 
sealing resin. The ceramic body has side electrodes 
formed on the side faces thereof for the connection with 
the outside, although not shown in the drawing. These 
components collectively constitute the RF circuit and 

20 achieve the functions of the multilayered ceramic RF 
device that includes, for example, the mutilayered RF 
switches 

[0096] A major difference of this constitution from 
that Df the first embodiment is that the low temperature- 

2S cofired multilayered ceramic body 1 is replaced with the 
cavity type low temperature-cofired multilayered 
ceramic body 13. The structure having the cavity 
reduces the possibility of the sealing resin 6 spreading 
to the side faces, and such a defect of production as the 

30 resin covers the side face terminal electrodes does not 

[0097] According to this embodiment, as described 
above, the ceramic body has a cavity formed at the mid- 
dle of the top surface thereof. By employing the struc- 

35 ture having the cavity being filled with the sealing resin, 
such a multilayered ceramic RF device can be provided 
as the possibility of the sealing resin spreading to the 
side faces is reduced and such a defect of production 
that the side face terminal electrodes are covered by the 

40 resin does not occur. 

Embodiment 4 

[0098] The fourth embodiment of the present inven- 
ts tion will be described below with reference to Fig. 1 1 . 
[0099] Fig. 1 1 is a sectional view of the multilayered 
ceramic RF device of the fourth embodiment of the 
present invention. In Fig. 11, reference numeral 10 
denotes a low dielectric constant, low temperature- 
50 cofired ceramic layer, 11 denotes a high dielectric con- 
stant, low temperature-cofired ceramic layer, 12 
denotes a cavity type low dielectric constant, low tem- 
perature-cofired ceramic layer, 2 denotes an electrode 
pattern, 3 denotes a via hole, 4 denotes a bare semi- 
55 conductor chip, 5 denotes a chip component and 6 
denotes a sealing resin. This constitution differs from 
that shown in Fig. 1 0 in that the cavity type low temper- 
ature-cofired ceramic layer 1 3 is replaced by the struc- 
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-tara-having the cavity type^^dielectric constant, low 
temperature-cofired ceramic layer 12 disposed as the 
top layer, the high dielectric constant, low temperature- 
cofired ceramic layer 1 1 disposed as the intermediate 
layer and the low dielectric constant, low temperature- 5 
cofired ceramic layer 10 disposed as the bottom layer. 
[0100] The operation of the multilayered ceramic 
RF device having the above constitution will be 
described below with reference to Fig. 1 1. 
[0101] The electrode patterns 2 form inner layer io 
capacitors and inner layer inductors in the low dielectric 
constant, low temperature-cofired ceramic layer 10 and 
in the high dielectric constant, low temperature-cofired 
ceramic layer 1 1 , as well as providing electrical connec- 
tions between a plurality of chip components 5. The chip is 
components 5 include chip resistors, chip capacitors 
chip inductors and packaged semiconductors that may 
be occasionally used. The bare semiconductor chip 4 is 
mounted in the cavity formed on the top surface of the 
ceramic body. The electrode patterns formed in the het- 20 
erogeneous low temperature-cofired multilayered 
ceramic body that is laminated and fired together are 
made of copper or silver, and the electrode patterns are 
electrically connected by arranging via holes at desired 
positions in the ceramic layers. The electrode patterns 25 
can also be formed in the cavity type low dielectric con- 
stant, low temperature-cofired ceramic layer 12 of the 
top layer, thereby making the device smaller. The 
ceramic body normally has side face terminal elec- 
trodes formed on the side faces thereof for the connec- 
tion with the outside, although not shown in the drawing 
These components collectively constitute the RF circuit 
and achieve the functions of the multilayered ceramic 
RF device that includes, for example, the mutilayered 
RF switches. 

[0102] A major difference of this constitution from 
that of the third embodiment is that the cavity type low 
temperature-cofired multilayered ceramic body 13 is 
replaced by the heterogeneous murtilayered structure 
having the cavity type low dielectric constant, low tem- 
perature-cofired ceramic layer 12 disposed as the top 
layer, the high dielectric constant, low temperature- 
cof.red ceramic layer 11 disposed as the intermediate 
layer and the low dielectric constant, low temperature- 
cofired ceramic layer 10 disposed as the bottom layer 
[0103] The length of a strip line resonator can be in 
general, decreased in inverse proportion to the square 
root of the relative dielectric constant. Therefore in case 
strip line electrodes formed in the high dielectric con- 
stant ceramic layer are used for the strip line resonator 
wavelength in the dielectric layer can be decreased' 
Thus the high dielectric constant ceramic layer is suited 
to form a small strip line resonator. When a ceramic 
layer having small dielectric loss is used, a strip line res- 

0 J^^^ h ^^ QM ^ tem ^ 55 Embodiments 
However, strip lines have normally low characteristic 
impedance. For example, a strip line having a minimum 
line width of 100 urn and shield distance of 2 mm that 



can be formed by^en printing, has characteristic 
impedance in a range from 20 to 30 ohms, and it is prac- 
tically impossible to form a line of 50 ohms. Also the 
high relative dielectric constant makes it easy to make 
the inner layer capacitor of large capacitance with a 
small area. 

[01 04] As to the strip line formed in the low dielec- 
tric constant ceramics, while the wavelength cannot be 
decreased much, high characteristic impedance of 50 
ohms or higher can be easily realized, and an inner 
layer inductor can also be easily formed. Because of the 
low relative dielectric constant, electromagnetic cou- 
pling between strip lines that are located near to each 
other is relatively weak, that is suited for forming elec- 
trode patterns. 

[0105] As described above, through the heteroge- 
neous junction of the ceramic sheets having two or 
more different values of relative dielectric constant and 
by arranging optimum circuit components in the layers, 
small size and high performance can be achieved at the 
same time. Relative dielectric constant of the ceramic 
layer is preferably set, in consideration of the-relation- 
ship with the characteristic impedance of the strip lines 
below 10 for the top layer, 10 or higher and more prefer- 
ably from about 40 to 60 for the intermediate layer, and 
below 1 0 for the bottom layer. 

[0106] The reason for employing the structure of 
sandwiching the high dielectric constant, low tempera- 
ture-cofired ceramic layer 1 1 by the cavity type low die- 
lectric constant, low temperature-cofired ceramic layer 
12 and the low dielectric constant, low temperature- 
cofired ceramic layer 10 is for the purpose of preventing 
tne ceramic body from warping during cofiring due to 
the difference in the thermal expansion coefficient, by 
making the structure symmetrical with respect to the 
central horizontal plane. 

[0107] According to this embodiment, as described 
above, the multilayered ceramic RF device that can 
achieve small size and high performance at the same 
time is provided, by employing the constitution of heter- 
ogeneous multilayered structure from ceramic layers of 
different relative dielectric constants, and further form- 
ing the heterogeneous multilayered structure from three 
or more ceramic layers of different relative dielectric 
constants, with the top layer being the cavity type low 
dielectric constant, low temperature-cofired ceramic 
layer having relative dielectric constant below 10 the 
intermediate layer being the high dielectric constant 
low temperature-cofired ceramic layer having relative 
dielectric constant of 10 or higher, and the bottom layer 
being the low dielectric constant, low temperature- 
cofired ceramic layer having relative dielectric constant 
below 1 0. 



[0108] Fig, 12 is a sectional view of the multilayered 
ceramic RF device of the fifth embodiment of the 
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present invention. In Fig(j^ reference numeral 13 
denotes a cavity type low temperature-cofired multjlay- 
ered ceramic body, 2 denotes an electrode pattern, 3 
denotes a via hole, 4 denotes a bare semiconductor 
chip, 5 denotes a chip component, 1 6 denotes a sealing 
metal cap and 1 7 denotes a SAW filter. This constitution 
differs from that shown in Fig. 10 in that, instead of filling 
the cavity with the sealing resin 6, the cavity space of 
the cavity type low temperature-cofired multilayered 
ceramic body 13 is hermetically sealed with the sealing 
metal cap 16. 

[0109] The operation of the multilayered ceramic 
RF device having the above constitution will be 
described below with reference to Fig. 12. 
[0110] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the cavity type 
low temperature-cofired multilayered ceramic body 13, 
as well as providing electrical connections between a 
plurality of chip components 5. The chip components 5 
include chip resistors, chip capacitors, chip inductors 
and packaged semiconductors that may be occasionally 
used. The electrode patterns formed in- the "cavity type" 
low temperature-cofired multilayered ceramic body that 
is laminated and fired together are made of copper or 
silver, and the electrode patterns are electrically con- 
nected by arranging via holes at desired positions in the 
ceramic layers. The electrode patterns of the plurality of 
ceramic layers are formed by screen printing or the like, 
and the via holes are formed by making holes in the die- 
lectric sheet by a puncher and filling the holes with a 
conductive paste by printing or other method. The cavi- 
ties are also formed by making holes in the dielectric 
sheet by a puncher, with the cavity space being hermet- 
ically sealed with the sealing metal cap 1 6. The ceramic 
body has side face terminal electrodes formed on the 
side faces thereof for the connection with the outside, 
although not shown in the drawing. These components 
collectively constitute the RF circuit and achieve the 
functions of the multilayered ceramic RF device 
includes, for example, the mutilayered RF switches. 
[0111] A major difference of this constitution from 
that of the first embodiment is that the low temperature- 
cofired multilayered ceramic body 1 is replaced by the 
cavity type low temperature-cofired multilayered 
ceramic body 1 3. The structure having the cavity makes 
it possible to form a hermetically sealed space in the 
inside. This makes it possible to make the multilayered 
ceramic RF device that is small in size and has high per- 
formance by incorporating the SAW filter 17, in addition 
to the bare semiconductor chip 4, inside the device. 
[0112] The SAW filter utilizes surface acoustic 
waves propagating over a piezoelectric substrate, and 
therefore high-frequency characteristics thereof deterio- 
rate significantly when even a minute foreign matter 
sticks on the surface. Thus the SAW filter must be con- 
tained in a package that is hermetically sealed com- 
pletely. An ordinary SAW package is equipped with only 
the electrodes for taking out the electrodes of the SAW 
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filter to the outside^j^^ prior art technology has been 
limited to, at the best, making the package in a multiple 
layer structure and forming the inner layer capacitor or 
the inner layer inductor for impedance matching. 

s [0113] With the constitution of this embodiment, on 
the contrary, not only the inner layer capacitors and the 
inner layer inductors but also the complex inner layer RF 
circuit can be formed by making use of the via holes, 
while at the same time an ultra small device that 

10 achieves versatile functions which were not possible 
with the prior art is realized by combining with the SAW 
filter, the bare semiconductor chip and other chip com- 
ponents that are mounted in the cavity. 
[0114] According to this embodiment, as described 

is above, the electrode patterns are formed from copper or 
silver in the low temperature-cofired multilayered 
ceramic body that is laminated and fired together, with 
the electrode patterns being electrically connected by 
arranging via holes at the desired positions in the 

20 ceramic layers and the cavity being formed at the mid- 
dle of the top surface of the ceramic body. The bare 
semiconductor chip that operates at a frequency in the 
UHF band or higher or the SAW filter is mounted face 
down at the bottom of the cavity of the ceramic body, 

25 with the cavity space being hermetically sealed with the 
sealing metal cap. With this constitution, not only the 
inner layer capacitors and the inner layer inductors but 
also the complex inner layer RF circuit can be formed by 
making use of the via holes, while at the same time the 

30 multilayered ceramic RF device that achieves versatile 
functions which were not possible with the prior art is 
realized by combining with the SAW filter that is 
mounted in the cavity, the bare semiconductor chip and 
other chip components. The SAW filter is mounted on 

35 the ceramic body, for example, as follows: An electrode 
surface of the SAW filter is covered with a protect cover 
(roof) made of resin so that the electrode surface can 
contact with air in the protect cover without directly con- 
tacting with the ceramic body. The SAW filter is mounted 

40 on the ceramic body with a face down bonding through 
bumps. 

Embodiment 6 

45 [0115] Now the sixth embodiment of the present 
invention will be described below with reference to Fig. 
13. 

[0116] Fig. 13 is a sectional view of the multilayered 
ceramic RF device of the sixth embodiment of the 

so present invention. In Fig. 13, reference numeral 10 
denotes a low dielectric constant, low temperature- 
cofired ceramic layer, 1 1 denotes a high dielectric con- 
stant, low temperature-cofired ceramic layer, 12 
denotes a cavity type low dielectric constant, low tem- 

55 perature-cofired ceramic layer, 2 denotes an electrode 
pattern, 3 denotes a via hole, 4 denotes a bare semi- 
conductor chip, 5 denotes a chip component, 16 
denotes a sealing metal cap and 17 denotes a SAW fil- 
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ter. This constitution differs fWnhat shown in Fig. 12 in 
that, instead of the cavity type low temperature-cofired 
multilayered ceramic body 13, such a structure is 
employed as the cavity type low dielectric constant, low 
temperature-cofired ceramic layer 12 is disposed at the 
top layer, the high dielectric constant, low temperature- 
cofired ceramic layer 1 1 is disposed at the intermediate 
layer and the low dielectric constant, low temperature- 
cofired ceramic layer 1 0 is disposed at the bottom layer. 
[0117] The operation of the multilayered ceramic 
RF device having the. above constitution will be 
described below with reference to Fig. 13. 
[0118] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the cavity type 
low dielectric constant, low temperature-cofired ceramic 
layer 12, the low dielectric constant, low temperature- 
cofired ceramic layer 10 and the high dielectric con- 
stant, low temperature-cofired ceramic layer 1 1 , as well 
as providing electrical connections between a plurality 
of chip components 5. The chip components 5 include 
chip resistors, chip capacitors, chip inductors and pack- 
aged semiconductors that may be occasionally used. 
The SAW filter 17 and the bare semiconductor chip 4 
are also mounted in the cavity formed in the top surface 
of the ceramic body. The electrode patterns formed in 
the heterogeneous laminated low temperature-cofired 
ceramic body that is laminated and fired together are 
made of copper or silver, and the electrode patterns are 
electrically connected by arranging via holes at desired 
positions in the ceramic layers. The electrode patterns 
may also be formed in the cavity type low dielectric con- 
stant, low temperature-cofired ceramic layer 12 of the 
top layer, thereby making it possible to make the device 
smaller. The ceramic body normally has side face termi- 
nal electrodes formed on the side faces thereof for the 
connection with the outside, although not shown in the 
drawing. These components collectively constitute the 
RF circuit and achieve the functions of the multilayered 
ceramic RF device that includes, for example, the muti- 
layered RF switches. 

[0119] A major difference of this constitution from 
that of the fifth embodiment is that the cavity type low 
temperature-cofired multilayered ceramic body 13 is 
replaced by the heterogeneous multilayered structure 
where the cavity type low dielectric constant, low tem- 
perature-cofired ceramic layer 12 is disposed at the top 
layer, the high dielectric constant, low temperature- 
cofired ceramic layer 11 is disposed at the intermediate 
layer and the low dielectric constant, low temperature- 
cofired ceramic layer 1 0 is disposed at the bottom layer. 
[0120] The length of a strip line resonator can be, in 
general, decreased in inverse proportion to the square 
root of the relative dielectric constant. Therefore, in case 
strip line electrodes formed in the high dielectric con- 
stant ceramic layer are used for the strip line resonator, 
wavelength in the dielectric layer can be decreased. 
Thus the high dielectric constant ceramic layer is suited 
to form a small strip line resonator. When a ceramic 
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layer having small dieOTic loss is used, a strip line res- 
onator that has a high quality factor Q can be formed. 
However, strip lines have normally low characteristic 
impedance. For example, a strip line having a minimum 

5 line width of 100 urn and shield distance of 2 mm, that 
can be formed by screen printing, has characteristic 
impedance in a range from 20 to 30 ohms, and it is prac- 
tically impossible to form a line of 50 ohms. Also the 
high relative dielectric constant makes it easy to make 

to the inner layer capacitor of large capacitance with a 
small area. 

[0121] As to the strip line formed in the low dielec- 
tric constant ceramics, while the wavelength cannot be 
decreased much, high characteristic impedance of 50 

rs ohms or higher can be easily realized, and an inner 
layer inductor can also be easily formed. Because of the 
low relative dielectric constant, electromagnetic cou- 
pling between strip lines that are located near to each 
other is relatively weak, that is suited for forming elec- 

20 trode patterns. 

[0122] As described above, through the heterone- 
neous junction of the ceramic -sheets having two or 
more different values of relative dielectric constant and 
by arranging optimum circuit components in the layers, 

25 small size and high performance can be achieved at the 
same time. Relative dielectric constant of the ceramic 
layer is preferably set, in consideration of the relation- 
ship with the characteristic impedance of the strip lines, 
below 10 forthe top layer, 10 orhigherand more prefer- 

30 ably from about 40 to 60 for the intermediate layer, and 
below 1 0 for the bottom layer. 

[0123] The reason for employing the structure of 
sandwiching the high dielectric constant, low tempera- 
ture-cofired ceramic layer 1 1 by the cavity type low die- 

35 lectric constant, low temperature-cofired ceramic layer 
12 and the low dielectric constant, low temperature- 
cofired ceramic layer 10 is for the purpose of preventing 
the ceramic body from warping during cofiring due to 
. the difference in the thermal expansion coefficient, by 

40 making the structure vertically symmetrical with respect 
to the central horizontal plane. 

[0124] According to this embodiment, as described 
above, the multilayered ceramic RF device that can 
achieve small size and high performance at the same 

45 time is provided, by employing the constitution of heter- 
ogeneous multilayered ceramic body comprising 
ceramic layers of different relative dielectric constants, 
and further forming the heterogeneous multilayered 
ceramic body from three or more ceramic layers of dif- 

so ferent relative dielectric constants, with the top layer 
being the cavity type low dielectric constant, low tem- 
perature-cofired ceramic layer having relative dielectric 
constant below 10, the intermediate layer being the high 
dielectric constant, low temperature-cofired ceramic 

55 layer having relative dielectric constant of 10 or higher, 
and the bottom layer being the low dielectric constant, 
low temperature-cofired ceramic layer having relative 
dielectric constant below 10. 
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[0125] Fig. 14 is a sectional view of the multilayered 
ceramic RF device of the seventh embodiment of the 
present invention. In Rg. 14, reference numeral 14 5 
denotes a high dielectric constant, low temperature- 
cofired ceramic layer with an aperture, 10 denotes a low 
dielectric constant, low temperature-cofired ceramic 
layer, 1 1 denotes a high dielectric constant, low temper- 
ature-cofired ceramic layer, 2 denotes an electrode pat- 10 
tern, 3 denotes a via hole, 4 denotes a bare 
semiconductor chip, 5 denotes a chip component, 16 
denotes a sealing metal cap, 17 denotes a SAW filter 
and 18 denotes a strip line resonator electrode. This 
constitution has two major differences from that shown is 
in Fig. 13. First, the high dielectric constant ceramic, low 
temperature-cofired layer with aperture 14 is disposed 
at the top layer, the low dielectric constant, low temper- 
ature-cofired ceramic layer 10 is disposed at the inter- 
mediate layer and the high dielectric constant, low 20 
temperature-cofired ceramic layer 1 1 is disposed at the 
bottom-layer. Order of laminating the layer having high 
dielectric constant and the layer having low dielectric 
constant is reversed from that of Fig. 13. Second, the 
cavity is located nearer to one edge of the rectangular 2s 
top surface of the ceramic body, and the strip line reso- 
nator electrode 18 is embedded in the inner layer in the 
portion where the cavity does not exist. 
[0126] The operation of the multilayered ceramic 
RF device having the above constitution will be 30 
described below with reference to Fig. 14. 
[0127] The electrode patterns 2 form inner layer 
capacitors and inner layer inductors in the high dielec- 
tric constant, low temperature-cofired ceramic layer with 
aperture 14, the low dielectric constant, low tempera- 35 
ture-cofired ceramic layer 1 0 and the high dielectric con- 
stant, low temperature-cofired ceramic layer 11, as well 
as providing electrical connections between a plurality 
of chip components 5. The chip components 5 include 
chip resistors, chip capacitors, chip inductors and pack- <*o 
aged semiconductors that may be occasionally used. 
The electrode patterns formed in the low temperature- 
cofired ceramic body that is laminated and fired 
together are made of copper or silver, and the electrode 
patterns are electrically connected by arranging via 45 
holes at desired positions in the ceramic layers. The 
electrode patterns of the plurality of ceramic layers are 
formed by screen printing or the like, and the via holes 
are formed by making holes in the dielectric sheet by a 
puncher and filling the holes with a conductive paste by so 
printing or other method. The'cavity is also formed by 
making a hole in the dielectric sheet by a puncher, with 
the cavity space being hermetically sealed with the 
sealing metal cap. The ceramic body has side face ter- 
minal electrodes formed on the side faces thereof for 55 
the connection with the outside, although not shown in 
the drawing. These components collectively constitute 
the RF circuit and achieve, for example, the functions of 



the multilayered cS^fc RF device that includes, for 
example, the mutilayered RF switches. 
[0128] This constitution has two major differences 
from that of the sixth embodiment. First, the high dielec- 
tric constant, low temperature-cofired ceramic layer with 
aperture 14 is disposed at the top layer, the low dielec- 
tric constant, low temperature-cofired ceramic layer 10 
is disposed at the intermediats layer and the high die- 
lectric constant, low temperature-cofired ceramic layer 
1 1 is disposed at the bottom layer. Order of laminating 
the layer having high dielectric constant and the layer 
having low dielectric constant is reversed from that of 
the second, fourth and sixth embodiments. Second, the 
cavity is located nearer to one edge of the rectangular 
top surface of the ceramic body, and the strip line reso- 
nator electrode 1 B is embedded in the inner layer in the 
portion near the other edge where the cavity does not 
exist. 

[0129] This constitution has such effects that the 
cavity where the SAW filter and the bare semiconductor 
chip are mounted can be formed and sufficient thick- 
ness of the strip line resonator electrode can be 
secured without increasing the height of the device. In 
general, the strip line resonator has a higher quality fac- 
tor Q as the thickness between a strip line and a ground 
conductor is larger. A tow-loss filter can be made by 
using such strip line resonators. 

[0130] It goes without saying that other effects can 
be achieved similarly to the other embodiments. 
[0131] According to this embodiment, as described 
above, the electrode patterns are formed from copper or 
silver in the low temperature-cofired multilayered 
ceramic body that is laminated and fired together, with 
the electrode patterns being electrically connected by 
arranging via holes at the desired positions in the 
ceramic layers and a cavity being formed at the position 
nearer to one edge of the top surface of the ceramic 
body. The bare semiconductor chip that operates at a 
frequency in the UHF band or higher or the SAW filter is 
mounted face down at the bottom of the cavity of the 
ceramic body, with the cavity space being hermetically 
sealed with the sealing metal cap, and the strip line res- 
onator electrode is embedded near the other edge of 
the ceramic body. Or, in the constitution described 
above, the heterogeneous multilayered ceramic body 
comprising three or more ceramic layers having differ- 
ent relative dielectric constants may be used, wherein 
the high dielectric constant, low temperature-cofired 
ceramic layer with aperture having a relative dielectric 
constant of 1 0 or higher is disposed at the top layer 
thereby forming the wall surface of the cavity, the low 
dielectric constant, low temperature-cofired ceramic 
layer having a relative dielectric constant below 10 is 
disposed at the intermediate layer and the high dielec- 
tric constant, low temperature-cofired ceramic layer 
having a relative dielectric constant of 10 or higher is 
disposed at the bottom layer, while the strip line resona- 
tor electrode is also embedded in the heterogeneous 
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multilayered ceramic bodyTBrnprising three or more 
layers. With this constitution, not only the simple inner 
layer capacitors and the inner layer inductors but also 
the complex inner layer RF circuit can be formed by 
making use of the via holes without increasing the 
height of the device, while at the same time the multilay- 
ered ceramic RF device that achieves versatile func- 
tions with a low profile which were not possible with the 
prior art is realized by combining with the SAW filter 
mounted in the cavity, the bare semiconductor chip and 
other chip components, and the strip line resonator hav- 
ing a high quality factor Q. 

[0132] According to the present invention, as 
described above, the multilayered ceramic RF device 
having excellent high-frequency characteristics and , 
high reliability can be provided. Also the multilayered 
ceramic RF device that has high performance, small 
size and low profile and can be easily produced can be 
provided. 

[0133] Although the present invention has been z 
fully described by way of examples with reference to the 
accompanying drawings, it is to be noted here that vari- 
ous changes and modifications will be apparent to those 
skills in the art. Therefore, unless such changes and 
modifications otherwise depart from the spirit and scope z 
of the present invention, they should be constructed as 
being included therein. 

Claims 

1. A multilayered ceramic RF device having at least * 
one radio frequency filter, comprising: 

a lowtemperature-cofired multilayered ceramic 
body having a plurality of ceramic layers lami- ss 
nated one upon another and fired together, 
said low temperature-cofired multilayered 
ceramic body also having a first electrode pat- 
tern formed therein and a second electrode 
pattern formed thereon, the first and second ao 
electrode patterns being electrically connected 
to one another through a via hole; and 
a bare semiconductor chip mounted on said 
low temperature-cofired multilayered ceramic 
body with a face down bonding, said bare sem- 45 
iconductor chip being coated with a sealing 
resin, 

wherein the at least one radio frequency filter is 
a multilayered filter formed in said low temper- 
ature-cofired multilayered ceramic body, and 
the multilayered filter includes a part of the first 
and second electrode patterns. 



formed as the pi 
patterns. 



ft 



the first and second electrode 



3. A multilayered ceramic RF device according to 
claim 1 , 

wherein the multilayered filter is a lumped 
constant multilayered filter having a capacitor elec- 
trode and an inductor electrode, both of which are 
formed as the part of the first and second electrode 
patterns. 

4. A multilayered ceramic RF device according to 
claim 1, further comprising two or more radio fre- 
quency filters, 

wherein at least one of the two or more radio 
frequency filters is a SAW filter. 

5. A multilayered ceramic RF device accordinq to 
claim 1, 

wherein said low temperature-cofired multi- 
layered ceramic body has a cavity formed therein 
substantiaHy-at a centerthereof; 

wherein said bare semiconductor chip is 
mounted at a bottom of the cavity in which the seal- 
ing resin is filled so as to cover said bare semicon- 
ductor chip . 

3. A multilayered ceramic RF device according to 
claim 1, s 

wherein the plurality of ceramic layers 
include a first ceramic layer with a first relative die- 
lectric constant and a second ceramic layer with a 
second relative dielectric constant different from the 
first relative dielectric constant. 

. A multilayered ceramic RF device according to 
claim 6, 

wherein the plurality of ceramic layers 
includes a top layer, a bottom layer, and an interme- 
diate layer sandwiched between the top layer and 
the bottom layer; 

wherein the intermediate layer is formed of 
the first ceramic layer, and both of the top layer and 
the bottom layer are formed of the second ceramic 
layer; and 

wherein the first relative dielectric constant is 
greater than or equal to 1 0, and the second relative 
dielectric constant is smaller than 10. 



A multilayered ceramic RF device according to 
claim 1 , 

wherein the multilayered filter is a distributed 
constant multilayered filter having a stri D line reso- 
nator which includes a strip line resonator electrode 



so B. A multilayered ceramic RF device according to 
claim 1, 

wherein the bare semiconductor chip is 
placed over the multilayered filler. 

55 9. A multilayered ceramic RF device having at least 
one radio frequency filter, comprising; 

a lowtemperature-cofired multilayered ceramic 
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body having a plSQPF of ceramic layers lami- 
nated one upon another and fired together, 
also having a cavity therein, and a first elec- 
trode pattern formed therein and a second 
electrode pattern formed thereon, the first and 5 
second electrode patterns being electrically 
connected to one another through a via hole; 
at least one of a bare semiconductor chip and 
a SAW filter mounted at a bottom of the cavity; 
and 10 
a sealing metal cover sealing the cavity her- 
metically, 

wherein the at least one radio frequency filter is 
a multilayered filter formed in said low temper- 
ature-cofired multilayered ceramic body, and is 
the multilayered filter includes a part of the first 
and second electrode patterns. 

10. A multilayered ceramic RF device according to 
claim 9, 20 

wherein the multilayered filter is a distributed 
constant multilayeredfiiter having a strip line reso- 
nator which includes a strip line resonator electrode 
formed as the part of the first and second electrode 
patterns; and 25 

wherein the strip line resonator electrode is 
formed in said lowtemperature-cofired multilayered 
ceramic body in a region other than where the cav- 
ity is not formed thereon. 

30 

11. A multilayered ceramic RF device according to 
claim 9, 

wherein the multilayered filter is a lumped 
constant multilayered filter having a capacitor elec- 
trode and an inductor electrode, both of which are 3S 
formed as the part of the first and second electrode 
patterns. 

12. A multilayered ceramic RF device according to 
claim 1 0, to 

wherein the plurality of ceramic layers 
includes atop layer, a bottom layer, and an interme- 
diate layer sandwiched between the top layer and 
the bottom layer; 

wherein the cavity is formed in the top layer 45 
and the strip line resonator electrode is formed in 
the bottom layer; 

wherein the intermediate layer is formed of a 
first ceramic layer with a first relative dielectric con- 
stant, and both of the top layer and the bottom layer 50 
are formed of a second ceramic layer with a second 
relative dielectric constant; and 

wherein the first relative dielectric constant is 
smaller than 10, and the second relative dielectric 
constant is greater than or equal to 1 0. 55 

13. A multilayered ceramic RF device according to 
claim 1 1 , 



whereir^Pe plurality of ceramic layers 
includes a top layer, a bottom layer, and an interme- 
diate layer sandwiched between the top layer and 
the bottom layer; 

wherein the intermediate layer is formed of a 
first ceramic layer with a first relative dielectric con- 
stant, and both of the top layer and the bottom layer 
are formed of a second ceramic layer with a second 
relative dielectric constant; and 

wherein the first relative dielectric constant is 
greater than or equal to 10, and the second relative 
dielectric constant is smaller than 1 0. 

14. A multilayered ceramic RF device according to 
claim 1, further comprising a radio frequency 
switching circuit including a capacitor electrode and 
an inductor electrode, 

wherein the first and second electrode pat- 
terns formed in said low temperature-cofired multi- 
layered ceramic body include at least one of the 
capacitor electrode and the inductor electrode. 

15. A multilayered ceramic RF device according to 
claim 9, further comprising a radio frequency 
switching circuit including a capacitor electrode and 
an inductor electrode, 

wherein the first and second electrode pat- 
terns formed in said low temperature-cofired multi- 
layered ceramic body include at least one of the 
capacitor electrode and the inductor electrode. 

16. A multilayered ceramic RF device according to 
claim 1 4, 

wherein the multilayered ceramic RF device 
is used for both of a W-CDMA and a GSM, and 

wherein the multilayered filter is a transmit- 
ting filter for the W-CDMA, the SAW filter is a receiv- 
ing filter for the W-CDMA, and the radio frequency 
switching circuit is a switching duplexer for the 
GSM. 

17. A multilayered ceramic RF device according to 
claim 15, 

wherein the multilayered ceramic RF device 
is used for both of a W-CDMA and a GSM, and 

wherein the multilayered filter is a transmit- 
ting filter for the W-CDMA, the SAW filter is a receiv- 
ing filter for the W-CDMA, and the radio frequency 
switching circuit is a switching duplexer for the 
GSM. 
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Fig.3 
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5 

| Production of dielectric sheets (100) | 

I 

| Making via holes through dielectric sheets by punching (102) | 

I 

| Forming electrode patterns by screen printing (104) | 

I 

| Lamination and pressing of dielectric sheets (1 06) | 

I 

I Cutting laminated dielectric sheets (108)] 

I . 

| Firing (11 0)~] 

I 

| Forming terminal electrodes (112) | 

I 

| Mounting semiconductor chips, etc. (114) | 

I 

[Sealing of laminated dielectric sheets (116) | 
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Fig.6 
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